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Descriptioii 

The invention relates to a process for the preparation of a catalyst suitable for the conversion of a 
mixture of carbon monoxide and hydrogen Into hydrocarbons. 
5 The preparation of hydrocarbons from a HJCO mixture by contacting this mixture at elevated 
temperature and pressure with a catalyst is known In the literature as the Rscher-Tropsch hydrocarbon 
synthesis. Catalysts often used for the purpose comprise one or more metals from the iron group, together 
with one or more promotors, and a carrier material. These catalysts can suitably be prepared by the known 
techniques, such as precipitation, impregnation, kneading and melting. The products which can be 

10 prepared by using these catalysts usually have a very wide range of molecular weight distributions and, in 
addition to branched and unbranched paraffins, often contain considerable amounts of olefins and 
oxygen-oontalnlng organic compounds. Usually only a minor portion of the products obtained is made up 
of middle distillates. Of these middle distillates not only the yield but also the pour point is unsatisfactory. 
Therefore the direct conversion of HJCO mixtures according to Rscher-Tropsch Is not a very attracth/e 

75 route for the production of middle distillates on a technical scale. 

In this patent application "middle distillates" should be taken to be hydrocarbon mbctures whose 
boiling range corresponds substantially with that of the kerosine and gas oil fractions obtained In the 
conventional atmospheric distillation of crude mineral oil. During said distillation, from the crude mineral 
oil are separated in succession: one or more gasoline fractions having a boiling range between 30 and 

20 200°C, one or more kerosine fractions having a boiling range between 140 and 300^ and one or more gas 
oil fractions having a boiling range between 180 and 370X. 

Recently a class of Rscher-Tropsch catalysts was found which have the property of yielding a product 
in which only very few olefins and oxygen-containing compounds occur and which consists virtually 
completely of unbranched paraffins, a considerable portion of which paraffins bolls above the middle 

25 distillate range. It has been found that by using a catalytic hydrotreatment this product can be converted in 
high yield Into middle distillates. As feed for the hydrotreatment at least the part of the product is chosen 
whose initial boiling point lies above the final boiling point of the heaviest middle distillate desired as end 
product The hydrotreatment, which is characterized by a very low hydrogen consumption, leads to middle 
distillates with a considerably better pour point than those obtained In the direct conversion of a H^CO 

30 mixture according to Fischer-Tropsch. 

The Rscher-Tropsch catalysts belonging to the above-mentioned class contain silica, alumina or 
silica-alumina as carrier material and cobalt together with zirconium, titanium and/or chromium as 
cataiytically active metals, In such quantities that the catalysts comprise 3—60 pbw cobalt and 0.1—100 
pbw of at least one other metal chosen from zirconium, titanium or chromium per 1 00 ptnv carrier material. 

35 The catalysts are prepared by depositing the metals involved on the carrier material by kneading and/or 
impregnation. 

The catalyst preparation by impregnation is carried out by contacting a porous carrier with a 
compound of the relevant metal in the presence of a liquid, followed by removal of the liquid. Likewise, in 
the catalyst preparation by kneading a porous carrier is contacted with a compound of the relevant metal in 

40 the presence of a liquid, followed by removal of the liquid, the distinction being that preceding and/or 
during the removal of the liquid the composition is subjected to intensive mechanical treatment such as 
pressing, kneading or wringing, which as a rule leads to a considerable reduction of the particle size of the 
carrier material and to the composition taking on the consistency of a paste. Usually several hours' 
kneading in a suitable kneading machine is sufficient to attain the desired homogeneity of distribution of 

4S the components over the mixture. The intensive mechanical treatment during which there is a considerable 
reduction of the particle size of the carrier material is the main difference between the kneading route and 
the impregnation route. It is true that during the preparation of a catalyst by impregnation there may be a 
stage at which the composition contains an amount of liquid corresponding to that present in the paste 
mentioned hereinbefore and that some mechanical energy may be supplied to the composition, for 

50 instance by stirring, but on the whole the particle size of the carrier material will remain virtually unchanged 
during the catalyst preparation by impregnation. 

In the case of the present catalysts which in addition to cobalt comprise an other metal, the term 
"catalyst preparation by kneading and/or impregnation" as used in the present patent application includes 
every possible variant in which the two metals have been deposited on the carrier in this way. For instance, 

55 the cobalt may be deposited on the carrier entirely by kneading and the other metal entirely by 
impregnation, but it is also possible to deposit part of the cobalt and/or the other metal by impregnation, 
whilst the rest is deposited by kneading; Ukewise, there is a free choice as to the order in which the metals 
are deposited on the carrier and the number of steps used to carry out the catalyst preparation. 
Further investigation into the preparation and the performance of the above-mentioned cobalt 

50 catalysts has now revealed that where activity and stability are concemed, their performance depends to a 
great extent on three factors, viz. 

a) the total quantity of cobalt present on the catalyst 

b) the weight ratio of the quantity of cobalt deposited on the catalyst by kneading to the total quantity 
of cobalt present on the catalyst, and 

55 c) the surface area of the catalyst 
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It has been found that the catalysts show optimum performance as to activity and stability when they 
satisfy the relation 

L 

5 (3+4R)>— >(0^+0,4R), 

S 

wherein 

L=the total quantity of cobalt preservt on the carrier, expressed as mg Co/ml catalyst 

S=the surface area of the catalyst expressed as m^/ml catalyst and 
to R=the weight ratio of the quantity of cobalt deposited on the carrier by kneading to the total quantity of 
cobalt present on the carrier. 

Since R can vary between 0 (for a catalyst onto which the cobalt has been deposited exclusively by 
impregnation) and 1 (for a catalyst onto which the cobalt has been deposited exclusively by kneading), the 
present invention only relates to catalysts having a quotient of L by S higher than 0.3 but lower than 7. 
ts Depending on the manner in which the cobalt has been deposited, the above-mentioned relation can be 
used to indicat&--within the range 0.3— 7— ^e area wherewithin the quotient of L by S should lie In order to 
ensure optimum catalyst performance. The catalysts whose quotients of L by S satisfy the above- 
mentioned relation are novel. 

The present patent application therefore relates to a process for the preparation of a catalyst In which a 
20 catalyst is prepared by kneading and/or impregnating a carrier with a cobalt source and with a source of 
zirconiumr titanium or chromium to form a catalyst which comprises 3—60 pbw cobalt and 0.1 — 1 00 pbw of 
at least one other metal chosen from zirconium, titanium or chromium per 100 pbw of carrier chosen from 
silica, alumina or silica-alumina and whose L and S are such as to satisfy the relation 



(3+4R)>— >(0^+0.4R). 
S 

On the basis of the value of R the catalysts which can be prepared according to the invention may be 
30 divided Into three main classes, viz. 

i) catalysts wherein R=0, 

II) catalysts wherein R=1, and 

III) catalysts wherein 1>R>0. 

35 

The catalysts belonging to class I may further be divided into two subclasses, viz. 

IA) catalysts in the preparation of which impregnation has been used exclusively, and 

IB) catalysts in the preparation of which both impregnation and kneading have been used, but in which 
40 tiie cobalt has been deposited exclusively by impregnation. 

The catalysts belonging to class II may also be further divided into two subclasses, viz. 

IIA) catalysts in the preparation of which kneading has been used exclusively, and 
45 MB) catalysts in the preparation of which both impregnation and kneading have been used, but in which 
the cobalt has been deposited exclusively by kneading. 

The catalysts belonging to class 111 are characterized in that the cobalt has been deposited partly by 
impregnation and partly by kneading. 
50 Each of the above-mentioned classes offers a wide range of possibilities of variation, depending, 
among other things, on the number of steps used to carry out the preparation, on the order in which the 
metals are deposited and on whether during the treating steps the metats are deposited together or 
individually. 

In order to give an impression of the possibilities of variation within a certain class, a schematic 
55 enumeration of a number of methods of preparing the catalysts belonging to class lA is given hereinafter. 
Since in the preparation of the catalysts belonging to this class, as in the preparation of the catalysts 
belonging to class IIA, there Is only one way of depositing the metals (exclusively by impregnation in class 
lA and exclush^eiy by kneading in class IIA), the possibilities of variation of these two classes are relatively 
few in comparison with the other classes. The enumeration has been restricted to methods of preparation 
go in which at most three impregnation steps are carried out For the sake of simplicity in the schematic 
representation impregnation with a cobalt compound is given as "Co", impregnation with a compound of 
another metal as *'Zi", and simultaneous impregnation with a cobalt compound and a compound of 
another metal (what is called co-impregnation) as (Co+Zr). If one confines oneself to methods of 
preparation in which exclusively separate impregnations or exclush/ely co-impregnation are used, the 
55 following possibilities offer: 
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one step: (Co+Zr) 
two steps: Co/Zr; Zr/Co; (Co+Zr)/{Co+Zr) 
three steps: Co/Co/Zr; CoRsfZr, Zr/Co/Co; Zr/Zr/Co; Co/Zr/Co; 
Zr/Co/Zr; (Co+Zr)/(Co+Zr)/(Co+Zr). 

5 

If in addition there is taken into account the possibility of the preparation being carried out by a 
combination of separate impregnation with co-impregnation, then the number of possibilities of variation 
wilt be much bigger yet. For instance, in the two-step process the following embodiments may also be 
considered: CoflCo+Zr); ZrflCo+Zr); {Co+Zr)/Co; {Co+Zr)/Zr. ^. u 

10 Both when the metal is deposited by impregnation and when the metal is deposited by Imeadmg the 
carrier material is first contacted with a compound of the relevant metal in the presence of a liquid. As 
metal compounds both organic and inorganic compounds are eligible. I^bctures of metal compounds may 
also be used. The liquids used may be organic or inorganic. Mixtures of liquids may also be used. Both 
during impregnation and during kneading It is preferred to contact the carrier material witii a solution of the 

IS relevant metal compound in a solvent For the deposition of cobalt preference is given to the use of a 
solution of an inorganic cobalt solution in water. For the deposition of the other metal it is preferred to use a 
solution of an organic metal compound in an organic solvent or mbcture of organic solvents, it is preferred 
that the organic solvent consist at least partly of a p-diketone or a p-keto-ester. Especially preferred are 
solvents containing more than 0.5 gram molecule of a p-diketone or a p-keto-ester per gram atom of the 

20 other metal. If a certain metal is deposited in more than one step, the various steps can be carried out using 
different compounds of the metal involved and different solvents. The amounts of liquid used during 
impregnation may vary within wide limits. The quantity of liquid used may be equal to> or smaller or larger 
than, tiie pore volume of the can-ier to be impregnated. It is preferred in the impregnation to use a quantity 
of liquid the volume of which corresponds substantially to the pore volume of the carrier to be 

25 impregnated. The quantities of liquid used during kneading may also vary within wide ranges; however, 

• care should be taken that during kneading so much liquid is present that, together with the carrier material 
and the metal compound, under the action of the intensive mechanical treatment it can produce a 
composition having the desired paste-like consistency. A surplus of liquid, if any, can be removed from the 
composition before or during kneading by evaporation. It is preferred during the kneading to use a quantity 

30 of liquid the volume of which corresponds to 110—190% of the pore volume of the carrier. 

In the catalyst preparation according to the invention the liquid present in the composition is preferably 
removed after each step In which a metal compound has been deposited on the canier material, for 
instance at an elevated temperature, before the composition is once more contacted with a metal 
compound in a following step. After tiie last step of depositing a metal compound on the carrier the 

35 composition is calcined. It Is preferred in tiie catalyst preparation according to the invention to calcine tiie 
composition obtelned after each treatment step. 

As stated hereinbefore, the present invention comprises a large number of variant preparation 
methods which differ from one another chiefly in the manners in which the metals are deposited on the 
carrier material {exclusively by kneading, exclusively by impregnation or by a combination thereof), the 

40 number of steps in which the preparation is carried out and the order In which tfie metals are deposited. 
The catalysts are preferably prepared by one of the three procedures following 

a) first cobalt is deposited in one or more steps by impregnation, and subsequentiy the other metel Is 
deposited in one or more steps, also by impregnation, 

b| first the other metal is deposited in one or more steps by impregnation, and subsequently cobalt is 

45 deposited in one or more steps, also by impregnation, and 

c) first cobalt is deposited in one or more steps by kneading and subsequentiy the other metal is 
deposited in one or more steps by impregnation. 

The quantities of metal deposited on the catalysts according to the invention are 3—60 pbw per 100 
pbw carrier for cobalt, and 0.1—100 pbw per 100 pbw carrier for the other metal. It is preferred to prepare 

so catalysts containing 15—50 pbw cobalt per 100 pbw carrier. The preferred quantity to be deposited of the 
other metal is dependent on the way in which this metal is deposited. In the modes of preparation in which 
first the cobalt is deposited on the carrier and then the other metal, preference is given to the preparation of 
catelysts containing 0.1—5 pbw of the other metal per 100 pbw carrier. In the modes of preparation in 
which first the other metel is deposited on the carrier and then the cobalt, preference is gh^en to the 

55 preparation of catelysts containing 5—40 pbw of the other metel per 100 pbw carrier. Preference is given to 
the use of zirconium as other metel and silica as carrier material. 

The catelyste prepared according to the process of the invention are excellently suitable for use in the 
preparation of hydrocartjons from a mixture of carbon monoxide and hydrogen. The present patent 
application therefore also relates to a process for the preparation of hydrocarbons from a Ha-and-CO- 

60 containing feed by using a catalyst which has been prepared according to the invention. Before they are 
suitable to be used for this purpose the catalyste must first be reduced. This reduction may very suitebly be 
carried out by contacting the catalyst at a temperature between 200 and 350"C with a hydrogen-containing 
gas. The conversion of tiie Hz-and-CO-conteining feed into hydrocart)ons is preferably carried out at a 
temperature of 125— and in particular of 175— 275X and a pressure of 5—150 bar and in particular of 

55 10—100 bar. 
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Hrand^O-containing feeds which are eligible to be converted into hydrocarbons by using a catalyst 
prepared according to the invention may very suitably be obtained from a heavy carbonaceous material, 
such as coal, by gasification, or from light hydrocarbons, such as natural gas, by steam reforming or partial 
oxidation. Suitable Hz-and-CO-containing f^eds may also be obtained by separating a fraction containing 

5 unconverted hydrogen and carbon monoxide and other components. If desired, from the reaction product 
obtained by contacting a HJCO mixture with a catalyst containing one or more metal components having 
catalytic activity for the conversion of a Ha/CO mbcture Into hydrocarbons and/or oxygen-containing 
organic compounds, in this partial conversion of the Ha/CO mixture, depending on the catalyst chosen 
therefor, there will be produced either mainly aromatic hydrocarbons, or mainly paraffinlc hydrocarbons or 

7(7 mainly oxygen-containing organic compounds. If In the partial conversion it is the object to produce mainly 
aromatic hydrocarbons, use can very suitably be made of a catalyst mixture containing either a methanol 
or dimethyl ether synthesis catalyst or a l^e/IVIg/AlaO) or Fe/Cr/SiOa catalyst prepared by impregnation, 
together with a crystalline metal silicate which is characterized in that after one hour^s calcination in air at 
SOO'^ it has the following properties 

fs a) an X-ray powder diffraction pattem in which the strongest lines are the lines given in Table A 

TABI^ A 



d(A) 

20 11.1 ±0.2 

10.0 ±0.2 
3.84±0.07 
3.72±0.06, 

25 and 

b) in the formula which represents the composition of the silicate expressed in moles of the oxides and 
which, in addition to SiO^, includes one or more oxides of a trivalent metal M chosen from the group 
formed by aluminium, iron, gallium, rhodium, chromium and scandium, the SiOa/MaOj molar ratio is 
higher than 10. 

30 If in the partial conversion it is the object to produce mainly pareffinic hydrocarbons, use can very 
suitably be made of the above-mentioned Fe/Mg/AlzOs or Fe/Cr/5i02 catalysts prepared by Impregnation. If 
the partial convereion is carried out with the object of producing oxygen-containing organic compounds, 
use can very suitably be made of a methanol or dimethyl ether synthesis catalyst Methanol synthesis 
catalysts suitable for use In the partial conversion are ZnO/CrsOs and Cu/ZnO/CraOj catalysts. A dimethyl 

35 ether synthesis catalyst suitable for use in the partial conversion is a mixture of gamma-Al203 and the 
Cu/ZnO/CraOs methanol synthesis catalyst mentioned before. 

The Ha-and-CO-containing feed which Is converted into hydrocarbons t)y using a catalyst prepared 
according to the invention preferably has a HJCO molar ratio higher than 1.5. If the feed has a HJCO molar 
ratio lower than 1.5, the latter is preferably raised to heve a value between 1.5 and 2.5 and in particular a 

40 value between 1.75 and 2.25 before it is contacted with the cobalt catalyst The HJCO molar ratio of 
low-hydrogen feeds may be raised, for instance, by adding hydrogen, removing carbon monoxide, mixing 
with a hydrogen-rich HJCO mixture, or subjecting the low-hydrogen feed to the CO shift reaction. 

As remarked hereinbefore, the catalysts prepared according to the invention when used for the 
conversion of a Ha-and-CO-containing feed yield a substantially paraffinlc product whose high-boiling part 

45 can be converted in high yield into middle distillates by the use of a catalytic hydrotreatment The feed for 
the hydrotreatment chosen is at least the part of the product whose initial boiling point lies above the final 
boiling point of the heaviest middle distillate desired as end product The catalytic hydrotreatment is 
carried out by contacting the fraction to be treated at elevated temperature and pressure and in the 
presence of hydrogen with a catalyst containing one or more metals with hydrogenation activity supported 

so on a carrier. Examples of suitable catalysts are sulphidic catalysts containing nickel and/or cobalt and, in 
addition, molybdenum and/or tungsten supported on a carrier such as alumina or silica-alumina. In the 
catalytic hydrotreatment It is preferred to use a catalyst containing one or more noble metals from group 
VIII supported on a carrier. The quantity of noble metal present on the carrier may vary within wide limits, 
but often it will be 0.05 — 5%w. The noble metals from group VIII which may be present on the carrier are 

55 platinum, palladium, rhodium, ruthenium, iridium and osmium, platinum being preferred. Two or more of 
these metals may be present in the catal^ts, if desired. The quantity of the group Vlli noble metal present 
in the catalyst is preferably 0.1 — 2%w and in particular 0.1 — 1%w. Examples of suitable carriera for the 
noble metal catalysts are amorphous oxides of the elements from groups II, 111 and IV, such as silica, 
alumina, magnesia and zirconia, as well as mixtures of these oxides, such as silica-alumina, silica- 

50 magnesia and silica-zirconia and zeolitic materials, such as mordenite and faujasite. As carriers for the 
noble metal catalysts aluminas and silica-aluminas are preferred. A noble metal catalyst very suitable for 
the present purpose Is a catalyst containing one or more noble metals from group Vlll supported on a 
carrier, 13 — 15%w of which carrier consists of alumina, the remainder of silica. Suitable conditions for 
carrying out the catalytic hydrotreatment are a temperature of 17&--400°C, a hydrogen partial pressure of 

55 10—250 bar, a space velocity of 0.1 — 5 kg • • h"' and a hydrogen/oil ratio of 100 — 5000 Nl - kg"'. The 
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catalytic hydrotreatment is preferably carried out under the following conditions: a temperature of 
250— 350°C, a hydrogen partial pressure of 25—150 bar, a space velocity of 0.25-2 kg • I" • h~ and a 
hydrogen/oil ratio of 250—2500 Nl - kg''. A suitable choice of catalyst and treating conditions offers the 
possibility of producing in the catalytic hydrotreatment from a heavy fraction of the product prepared over 
5 the cobalt catalyst not only middle distillate, but also lubricating oil having a high viscosity Index. 
The invention is now illustrated with the aid of the following example. 

Catalyst preparation , , ^, , 

21 Co/Zr/SlOa catalysts (Catalysts 1—21) were prepared by impregnating and/or kneadmg silica earners 
10 with solutions of cobalt and zirconium compounds. Furthermore there was prepared one Co/Ti/SiOa 
catalyst (Catalyst 22) by impregnation of a silica canrier with a solution of a cobalt compound and with a 
solution of a titanium compound. 

In each impregnation step a quantity of solution was used the volume of which corresponded 
substantially with the pore volume of the carrier involved. After each impregnation step the solvent was 
IS removed by heating and the material was calcined at 500*^. 

In each kneading step a quantity of solution was used the volume of which corresponded substantially 
with 150% of the pore volume of the carrier involved. In each kneading step the mixture was kneaded in a 
macerator for three hours. During the kneading a small portion of the solvent was removed by heating. 
After each kneading step the paste obtained was collected from the macerator. the remainder of the solvent 
20 was removed by heating, and the material was ground and calcined at 500**C 
Catalysts 1—22 were prepared as follows. 

Catalysts 1—5 . 
Three-step impregnation of various silica carriers with a solution of zirconium tetra-n-propoxide in a 
25 mbcture of n-propanol and benzene, followed by one-step impregnation of the zirconium-loaded carriers 
with a solution of cobalt nitrate in water. 

Catalysts 6, 7 and 9 , .. ^ ._ 

One-step Impregnation of various silica caniers with a solution of cobalt nitrate, followed by one-step 
30 impregnation of the cobalt-loaded carriers with a solution of zirconium nitrate In water. 

Catalyst 8 

One-step co-impregnation of a silica carrier with a solution of cobalt nitrate and zirconyl chloride in 
water. 

35 

Catalyst 10 . 

Two-step impregnation of a silica canier with a solution of cobalt nitrate in water, followed by one-step 
impregnation of the cobalt-loaded carrier with a solution of zirconium nitrate in water. 

40 Catalyst 11 ^ . . . 

One-step co-impregnation of a silica carrier with a solution of cobalt nitrate and zirconium nitrate in 

water. 
Catalyst 12 

45 One-step impregnation of a silica carrier with a solution of cobalt nitrate in water, followed by kneading 
of the cobalt-loaded carrier with a solution of zirconium nitrate in water. 

Catalyst 13 

Kneading of a silica carrier with a solution of zirconium tetra-n-propoxide in a mixture of n-propanol, 
so acetyl acetone and benzene, followed by one-step impregnation of the zirconium-loaded carrier with a 
solution of cobalt nitrate in water. 

Catalysts 14—17 

Kneading of various silica carriers with a solution of cobalt nitrate in water, followed by one-step 
55 impregnation of the cobalt-loaded caniers with a solution of zirconyl chloride in water. 

Catalyst 18 

Co-kneading of a silica carrier with a solution of cobalt nitrate and zirconium nitrate in water. 
Catalyst 19 

^ Kneading of a silica carrier with a solution of cobalt nitrate in water, followed by kneading of the 
cobalt-loaded carrier with a solution of zirconium nitrate in water. 

Catalyst 20 

Kneading of a silica carrier with a solution of zirconium nitrate in water, followed by kneading of the 
55 zirconium-loaded carrier with a solution of cobalt nitrate in water. 
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Catalyst 21 

Three-step impregnation of a silica carrier with a solution of zirconium tetra-n-propoxide in a mixture 
of toluene and acetyl acetone, followed by kneading of the ziroonlum-loaded cam'er with a solution of 
cobalt nitrate in water. 

5 

Catalyst 22 

Three-step impregnation of a silica carrier with a solution of tetraisopropyt ortho-titanate in a mixture 
of isopropanol and acetyl acetone, followed by one-step impregnation of the titanium-loaded carrier with a 
solution of cobalt nitrate in water, 
/o Further Information on Catalysts 1—22 is given In Tables I and 11. 

In the case of the catalysts listed in Table I the cobalt was deposited exclusively by Impregnation. For 
these catalysts R=0, and therefore the quotient of L by S should, according to the invention, lie between 0.3 
and 3. Of the catalysts listed In Table I Catalysts 2, 3, 5, 9, 11 — 13 and 22 are catalysts according to the 
invention, having US between 0.3 and 3. Catalysts 1, 4, 6—8 and 10, having US <0.3 or >3, fall outside the 
rs scope of the invention. They have been Included in the patent application for comparison. 

In the case of the catalysts listed in Table II the cobalt was deposited exclusively by kneading. Of these 
catalysts R^l and therefore the quotient of L by S should lie between 0.7 and 7. Of the catalysts listed in 
Table 11 Catalysts 15, 16 and 18—21 are catalysts according to the invention, having US between 0.7 and 7. 
Catalysts 14 and 17, having US>7 or <0.7, fall outside the scope of the invention. They have been included 
20 in the patent application for comparison. 

Catalyst testing 

Catalysts 1—10, 14—17 and 22 were used in nineteen experiments (Experiments 1—19) In the 
preparation of hydrocarbons from mixtures of carbon monoxide and hydrogen. The experiments were 

25 carried out in a 50-ml reactor containing a fbced catalyst bed. Prior to the testing the catalysts were reduced 
in a hydrogen-containing gas at 250°C. 

In Experiments 1—5 and 19 a HJCO mixture having a Hg/00 molar ratio of 2 was contacted with 
Catalysts 1—5 and 22 at a temperature of 220°C, a pressure of 20 bar and at various space velocities. The 
results of these experiments are given In Table III. 

30 Of the experiments given in Table III Experiments 2, 3, 5 and 19 are experiments according to the 
invention. In these experiments use was made of catalysts according to the invention which showed both a 
high activity (expressed as g CiVg cobalt/h) and a high stability (expressed as %v loss of CO 
conversion/100 h). Experiments 1 and 4 fall outside the scope of the invention. The catalysts used in these 
experiments have too low stability. The catalysts used in Experiment 4 moreover had too low activity. 

3S In Experiments 6—14 H^CO mixtures were contacted with Catalysts 6—10 at various temperatures, 
pressures and space velocities. The conditions under which the experiments were carried out as well as 
the results of the experiments, are given in Table IV. 

Of the experiments listed in Table IV only Experiment 13 is an experiment according to the invention. In 
this experiment use was made of a catalyst according to the invention which showed both a high activity 

40 (expressed as g C^Vg cobalt/h) and a high stability (expressed as %v loss of CO conversion/100 h). 
Experiments 6—12 and 14 fall outside the scope of the invention. As is seen from the results of Experiments 
8, 10, 12 and 14, in Experiments 6 — 12 and 14 use was made of catalysts having both too low activity and 
too low stability. 

In Experiments 15—18 a HJCO mixture having a H^CO molar retio of 2 was contacted with Catalysts 
45 14^17 at a temperature of 220X, a pressure of 30 bar and at various space velocities. The results of these 
experiments are given in Table V. 

Of the experiments mentioned in Table V Experiments 16 and 17 are experiments according to the 
invention. In these experiments use was made of catalysts according to the invention having both a high 
activity (expressed as g C,*/g cobalt/h) and a high stability (expressed as %v loss of CO conversion/1000 h). 
so Experiments 15 and 18 fall outside the scope of the invention. In these experiments use was made of 
catalysts having both too low activity and too low stability. 

Catalytic hydrotreatment 

An Experiment 20 was carried out in which at a temperature of 345°C, a pressure of 130 bar, a space 
gg velocity of 1.25 l/l/h and a hydrogen/oil ratio of 2000 Nt/I the Cs^ fraction of the product obtained according 
to Experiment 13 was passed, together with hydrogen, through a 50-ml reactor containing a fixed catalyst 
bed. The catalyst was a R/SiO^— AlsOs catalyst containing 0.82 pbw platinum per 100 pbw carrier, the 
carrier consisting 14.6%w of alumina and 85.4% w of silica. The results of Experiment 20 are given in Table 
VI. 

gQ From the results mentioned in Table VI it is seen that when a catalytic hydrotreatment is applied to a 
product prepared according to the invention, there is conversion of a considerable part of the 400*C* 
fraction (a fall from 37 to 13%w), formation of a considerable quantity of 150— 360°C fraction (a rise from 43 
to 63%w), whilst only a very minor 150"C" fraction is formed (a rise from 13 to 17%w). 

55 
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TABLE II 



Catalyst No. 


14 


15 


16 


17 


18 


19 


20 


21 


Co load, pbw/100 pbw SiOa 


25 


25 


20 


10 


25 


25 


25 


20 


Zr load, pbw/100 pbw SIOz 


0.9 


0.9 


0.8 


0.4 


1.5 


1.8 


18 


10 


U mg/ml 


130 


110 


84 


38 


120 


126 


115 


92 


S, m*/ml 


15 


25 


68 


85 


41 


22 


88 


71 


US, mg/m* 


8.7 


4.4 


1.24 


0.45 


2.9 


5.7 


1.31 


1.30 



16 

TABLE III 



2S 



Experiment No. 


1 


2 


3 


. 4 


5 


19 


Catalyst No. 


1 


2 


3 


4 


5 


22 


Space velocity, Nl gas^l cat/h 


1500 


2000 


600 


300 


800 


■ 1500 


Initial CO conversion, %v 


85 


75 


77 


66 


72 


79 


d* production, g/1 cat/h 


265 


312 


96 


41 


120 


246 


C|^ production, g/g cobalt/h 


^5 


3.2 


27 


1.7 


3.0 


2.3 


Loss of CO conversion, %v/100 h 


15 


7 


9 


14 


7 


7 



TABLE IV 



Experiment No. 


6 


7 


8 


9 


10 


11 


12 


13 


14 


Catalyst No. • 


6 


6 


6 


7 


7 


8 


8 


9 


10 


Temperature, "C 


250 


205 


220 


205 


220 


220 


220 


220 


220 


Pressure, bar 


30 


20 


20 


20 


20 


30 


20 


20 


20 


Space velocity, Nl gas/1 cat/h 


2000 


2000 


700 


2000 


700 


600 


600 


1000 


1500 


HJCo molar ratio of feed 


1 


3 


2 


3 


2 


2 


2 


2 


2 


Initial CO conversion, %v 




38 


73 


43 


83 


85 


78 


85 


79 


Ct'*' production, g/l cat/h 


280 




106 




121 




97 


176 


245 


C^* production, g/g cobalt/h 






0.99 




1.2 




0.80 


1.8 


1.3 


Loss of CO conversion, %v/100 h 






14 




13 


24 


21 


9 


15 
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TABLE V 



Experiment No. 


1 c 

1 b 


1 a 
ID 


1 "7 


1 Q 


uaiaiysi no. 


Id 


1 w 


ID 


17 


Space velocityr Nl gas/I cat/h 


600 


800 


700 


300 


Initial CO conversion, %v 


80 


72 


76 


65 


Ct"^ production, g/i cat/h 


100 


120 


110 


40 


C^* production, g/g cobait/h 


0.77 


1.1 


1.3 


1.0 


loss of CO conversion, %v/1000 h 


54 


39 


45 


68 



TABLE VI 



25 



30 



35 



Composition^ 
%w 


Ci* product of 

Experiment 13 


C5* fraction of the 
C,"^ product of 
Experiment 13 


Ct^ product after 
catalytic hydro- 
treatment 


cr 


17 




1 


Cr-150^ 


11 


13 


16 


150—250^ 


17 


21 


27 


25(>-360'C 


18 


22 


36 


^60— 400°C 


6 


7 


7 


400^* 


31 


37 


13 



daims 

1. A process for the preparation of a catalyst, characterized in that by kneading and/or impregnating a 
40 carrier with a cobalt source and with a source of zirconium, titanium or chromium to form a catalyst which 

comprises 3 — 60 pbw cobalt and 0.1 — 100 pbw of at least one other metal chosen frotn zirconium, titanium 
or chromium per 100 pbw of carrier chosen from silica, alumina or silica-alumina and which catalyst has 
such L and S as to satisfy the relation 

45 L 

{3+4R)>— >(0,3+0,4R), 
S 

wherein the various symbols have the following meanings 
so L^the total quantity of cobalt present on the carrier, expressed as mg Co/ml catalyst, 
S^the surfece area of the catalyst expressed as mVml catalyst, and 

R»the weight ratio of the quantity of cobalt deposited on the carrier by kneading to the total quantity of 
cot>ait present on the carrier. 

2. A process as claimed in claim 1, characterized in that both during impregnation and during kneading 
55 the carrier material is contacted with a solution of the metal compound dissolved in a solvent 

3. A process as claimed in claim 1 or 2, characterized in that in order to deposit the cobalt use is made 
of a solution of an inorganic cobalt compound in water. 

4. A process as claimed in any one of claims 1 — 3, characterized in that in order to deposit the other 
metal use Is made of a solution of an organic metal compound in an organic solvent or mixture of organic 

60 solvents. 

5. A process as claimed in claim 4, characterized in that the organic solvent consists at least partly of a 
p-diketone or p-keto-ester. 

6. A process as claimed in claim 5, characterized in that the solution comprises more than 0,5 gram 
molecule of a p-diketone or p-keto-ester per gram atom of the other metal. 

es 7. A process as claimed in any one of claims 1 — 6, characterized in that during impregnation a quantity 
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of liquid is used, the volume of which corresponds substantially with the pore volume of the carrier to be 
impregnated. 

8. A process as claimed in any one of claims 1—7, characterized in that during Icneading a quantity of 
liquid is used, the volume of which corresponds substantially with 1 10—190% of the pore volume of the 

5 carrier. 

9. A process as claimed in any one of claims 1 — 8, characterized in that the composition obtained is 
calcined after each impregnation or kneading step. 

10. A process for the preparation of hydrocarbons by catalytic reaction of carbon monoxide with 
hydrogen, characterized in that a Hrand-CO-containtng feed is contacted at elevated temperature and 

w pressure with a catalyst prepared according to a process as claimed in any one or more of claims 1—9 
which catalyst has previously been reduced. 



Pateittanspruche 

IS 

1. Verfahren zur Herstellung eines Katalysators, dadurch gekennzeichnet, da& durch Kneten und/oder 
imprdgnieren eines TrSgers mit einer Kobaltquelle und mit einer Quelle von Zirkon, Titan oder Chrom ein 
Katalysator ausgebildet wird, der 3 bis 60 Gewichtsteile Kobalt und 0,1 bis 100 Gewichtsteile wenigstens 
eines weiteren Metalles, ausgewShIt unter Zirkon, Titan oder Chrom, je 100 Gewichtsteile eines Tragers, 

20 ausgawihit unter Siliziumdioxtd, Aluminiumoxid oder Siliziumdioxid-Aluminiumoxid, umfaSt und welcher 
iCatalysator solche Werte fOr L und S aufweist dafi der Beziehung 

L 

(3+4R)>^>(0,3+0>U)) 
25 S 

entsprochen wird, worin die verschiedenen Symbole die folgenden Bedeutungen aufweisen: 

L==Gesamtmenge an auf dem Trager voriiegendem Kobalt ausgedruckt a Is mg Co/ml Katalysator 
S«0berflachengrd(3e des Katalysators, ausgedrQckt als mVml Katalysator, und 
30 R=Gewichtsverhaltnis der durch Kneten auf dem Trager aufgebrachten Kobaltmenge zu der auf dem 
TrSger voriiegenden Gesamtmenge an Kobalt 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, da& sowohl wahrend des Impragnierens als 
auch wahrend des Knetens das Tragermaterial mit einer Losung der Metallverbindung, gelost in einem 
Losungsmittel, in Beruhrung gebracht wird. 

35 3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet daB zur Ablagerung des Kobalts von 
einer Losung einer anorganischen Kobaltverbindung in Wasser Gebrauch gemacht wird. 

4. Verfahren nach einem der Anspruche 1 bis 3, dadurch gekennzeichnet daS zur Ablagerung des 
anderen Metalles von einer Losung einer organrschen Metallverbindung in einem organischen Ldsungs- 
mittel Oder in einem Gemisch organischer Ldsungsmittel Gebrauch gemacht wird. 

40 5. Verfahren nach Anspruch 4, dadurch gekennzeichnet dafi das organische Ldsungsmittel wenigstens 
teilweise aus einem p-Diketon oder p-Ketoester besteht. 

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, dafi die Losung mehr als 0,5 GrammolekOI 
eines P-Diketons oder P-Ketoesters je Grammatom des anderen Metalles enthilt 

7. Verfahren nach einem der Ansprflche 1 bis 6, dadurch gekennzeichnet da& wdhrend der 
45 Imprdgnierung eine solche l^ussigkeitsmenge verwendet wird, deren Volumen im wesentlichen dem 

Porenvolumen des zu impragnierenden Tragers entspricht. 

8. Verfahren nach einem der Anspruche 1 bis 7, dadurch gekennzeichnet dal^ wahrend des Knetens 
eine solche Russigkeitsmenge verwendet wird, deren Volumen im wesentiichen 110 bis 190% des 
Porenvolumens des Tragers entspricht. 

50 9. Verfahren nach. einem der Anspruche 1 bis 8, dadurch gekennzeichnet daS die erhaltene 

Zusammensetzung nach jedem Imprdgnier- oder Knetschritt katziniert wird. 

10. Verfahren zur Herstellung von Kohlenwasserstoffen durch katalytische Umsetzung von Kohlen- 

monoxid mit Wasserstoff, dadurch gekennzeichnet daB ein Wasserstoff und Kohlenmonoxid enthaltendes 

Einsatzmaterial bei erhdhter Temperatur von erhdhtem Druck mit einem Katalysator, hergestellt nach 
55 einem Verfahren gemdi^ einem oder mehreren der AnsprOche 1 bis 9, in Kontakt gebracht wird, welcher 

Katalysator zuvor reduziert worden 1st 

Revendications 

eo 1. Un procdd4 de preparation d'un catalyseur, caractdris^ en ce qu'on procdde par malaxage et/ou 
impregnation d'un support avec une source de cobalt et avec une source de zirconium, de titane ou de 
chrome de maniere h former un catalyseur comprenant en poids, 3 — 60 parties de cobalt et 0,1—100 
parties d'au motns un autre m6tai choisi parmi le zirconium, le titane ou le chrome pour 100 parties d'un 
support choisi parmi la sllice, I'alumine ou une combinaison silice-alumine et dont les valeurs de L et S sont 

65 telles qu'elles satisfont la relation 
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L 

(3+4R)>— 
S 



to 



IS 



20 



25 



30 



Oil les divers symboles ont les significations suivantes catalvseur 

L=la quantitd totale de cobalt presente sur le support ^oAn' ^<^'' 

i^LnTpXTi'^^^^^^^ 

Sn "~'SdrsSn?a Xe'^dSn^. caract6ris. en ce que tant durant Hmprdgnadon que 
malalUge la matiere de support est mise en contact avec one solution du compos6 de m4tal dans un 

""iTin p,oced6 selon la revendication 1 ou 2, caract6ris6 en ce que pour d6poser le cobalt on utHise une 

"'t^n''o":^nSn rSi^ons 1-3. caracterise en ce que pour d^poser 

f uTroSdTi;oTla°S5ion 4, caract^ris^ en ce qua le solvant organlque conslste au moins 
"^tZTr^^l^'^^^^ S^^^nren ce que la solution -Prend^us de ^ 

ilmp^egnati'o^utiSe une^^^^^ de ijuide dont le volume correspond sensiblement au volume des 

''°l.^n^rc^^.^£'lK•quelconque des revend.cations 1-7. ^ ^^l^Xil 

malaxage on utilise une quanta de liqulde dont le volume correspond sensiblement ^ 110-190% du 

"""Tun^'roS'^^riWl^^^^^ des «vendications 1-8. carac.6ris6 en ce que la composition 

'^'^^O^f.T^'X^o?. '^^S^'Tri^t'^^ '^oxvde de carbons avec 

revendicatlons 1-9, lequel catalyseur d M prealablement reduit 
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